Objective-To investigate the risk of outlet strut fracture (OSF) in Björk-Shiley convexo concave (BSCC) valves in relation to patients' clinical and valve characteristics. Design-A cohort of 2977 patients with 3325 valves with a follow up of 18 years. Setting-38 cardiac implantation centres in the UK. Results-56 OSF events were reported with 43 occurring in mitral and 13 in aortic valves. The overall OSF rate was 0.17%/year. No dominant clinical factor of risk was found, but multiple regression analysis identified age, body surface area, valve size, shop order fracture rate, and manufacturing period as risk factors for OSF. A 4% (95% confidence interval (CI) 2% to 6%) decrease in the risk of OSF was observed for each advancing year of age and a fivefold (95% CI 2 to 13) increase in risk for a 0.5 m 2 increase in body surface area. The association between the risk of OSF and valve size was not constant over time. Excess risks among 31 mm and 33 mm sizes (mainly mitral valves) decreased over time while that for 23 mm (almost all aortic valves) increased. The risk of OSF increased by 40% (95% CI 20% to 50%) for a unit increase in the fracture rate of other valves in the same batch. For valves manufactured during 1981 to 1984 the risk of OSF was 4 (95% CI 2 to 12) times greater than for valves manufactured before 1981. Conclusions-The OSF rates for 60°BSCC valves observed in the UK are the highest among all monitored populations. The changing patterns of mitral and aortic valve OSF rates over time observed in this study have not been identified previously and highlight the need for continued monitoring of patients with the BSCC valve. (Heart 2001;86:57-62) 
Björk-Shiley convexo concave (BSCC) prosthetic heart valves 1 were implanted worldwide from 1978 until their withdrawal from the market by the manufacturer (Shiley Inc, Irvine, California, USA) in 1986 following reports of the valves' outlet strut fracture (OSF). This event results in the escape of the valve's tilting disc into the circulation generally resulting in the patient's death. OSFs have continued to occur in recent years and remain a concern for approximately 35 000 patients worldwide with non-explanted BSCC valves. Important risk factors for OSF identified in previous studies include valve position, size, opening angle, manufacturing period, fracture rate in a batch (shop order) of valves produced, welder identity, and patient's age. [2] [3] [4] [5] [6] [7] [8] [9] These findings have enabled the development of guidelines for patients and their clinicians regarding considerations for elective explantation of the valve. 10 However, it is not possible to conclude that these factors alone determine the risk of OSF with some events occurring outside of these parameters.
Investigation of OSF risks in relation to clinical factors has been limited. 3 5 This paper describes a nationwide cohort study of 2977 patients with BSCC heart valves in the UK with 3325 implants and a follow up period of 18 years. A broad range of patient factors (for example, cardiac rhythm, arterial blood pressure, and left ventricular function) that might influence opening and closure of the valve prosthesis were investigated in relation to the risk of OSF. In addition valve characteristics previously identified as risk factors were examined.
Methods

IDENTIFICATION OF PATIENTS
Thirty eight cardiac surgical centres in the UK that had implanted BSCC valves were identified from the manufacturer's shipment records, and their hospital records were reviewed. A list of all patients with prosthetic valves implanted during 1979 to 1986 was compiled from the centres and patient records were examined to establish the valve type. Additionally, information from patients or relatives, MedicAlert Foundation, London, and implant cards returned to the manufacturer by the implantation centres were reviewed. Patients were confirmed to have BSCC valves only it at least two independent sources verified the valve type or if the type was confirmed through x ray.
ABSTRACTION OF CLINICAL DATA
Information was abstracted from patients' clinical records using a standardised abstraction form. Where records were missing from the cardiac surgical centre, information was requested from the patient's general practitioner or the Family Health Service Authority. Extensive information relating to the BSCC valve implantation surgery covering pre-, periand postoperative periods was abstracted.
INFORMATION ON VALVE CHARACTERISTICS
Information on valve characteristics was obtained from the manufacturer's research database for valves with complete serial numbers. For valves with incomplete or missing serial numbers information only on valve size was available from clinical records. Since 60°B SCC valves welded before 1981 have been reported to be at a lower risk of fracture, 6 8 9 manufacturing dates were grouped into two time periods: before 1981, and 1981 to 1984. Welders were grouped into low, medium, and high risk groups following the classification in the guidelines of the Bowling Pfizer supervisory panel. 10 Valves with no recorded welder identity were placed in a separate category. The shop order fracture rate was calculated for each valve as the percentage of other valves in the same batch or the shop order for which OSF has been notified to the manufacturer.
PATIENT FOLLOW UP AND DEFINITION OF OSF Patients were followed up from the date of implantation surgery until the occurrence of OSF, BSCC valve explantation surgery, death, emigration, last date known to be alive, or 31 July 1997, whichever came first. The vital status of patients was traced through the OYce of National Statistics and the Central Services Agency, and copies of the death certificates for all traced deceased patients were obtained. An OSF event was recorded as such only if there was supporting documentation-namely, a postmortem report, a metallurgical report on an explanted BSCC valve, or a clear statement on the death certificate.
An attempt was made to identify unreported OSFs and to estimate the potential degree of under reporting in the UK. All death certificates and available postmortem reports were reviewed. For patients without postmortem reports, hospital records and general practitioner notes were examined to extract further information on circumstances surrounding death including health of the patient before death, whether the death was expected, and whether it was witnessed. Deaths with insuYcient information recorded on the certificate for accurate assessment of the cause and with inadequate information on surrounding circumstances were classified according to the possibility of whether the death was related to an OSF by two consultant cardiothoracic surgeons working independently. This classification was based on the recorded cause and place of death (details provided in the appendix).
STATISTICAL ANALYSIS
The valve was used as the basic unit in all statistical analyses. Annual incidence rates of OSF were estimated by dividing the observed numbers of OSF by the follow up time of the valves. Relative risks (RR) of OSF were estimated using Cox's proportional hazards regression models. 11 Clinical records were completely missing for 16% of the valves, with a large proportion destroyed in accordance with the implantation centre's record storage policy. These valves tended to be in older, now deceased patients with earlier implantation surgery dates.
The average age at valve implantation of the study cohort was 54 years with 55% of the valves implanted in the mitral, 44% in the aortic, and 0.2% in the tricuspid position. Fifty six OSFs were observed as of 31 July 1997, with 43 occurring in mitral and 13 in aortic valves. One mitral OSF had an opening angle of 70°. The overall OSF rate was 0.17% (95% confidence intervals (CI) 0.13 to 0.22) a year. Cumulative risk (%) of OSF increased for approximately 11 years and remained constant thereafter for mitral valves (fig 1) . In contrast, for the aortic valves the risk was zero for the first three years after implantation but appeared to rise during the remainder of the follow up period. A total of 312 (22% of total deaths, incidence rate 0.95%/year) acute deaths occurred, of which 115 had inadequate information on the cause. Of the 115 deaths five were thought to have a strong possibility of being related to OSF and a further 17 were deemed to be less likely to be related to OSF, but the possibility could not be absolutely ruled out. There were seven OSF events (OSF rate 0.18%) among valves with completely missing clinical records.
Univariate regression analyses found significant associations between the risk of OSF and age at implantation, valve size, valve position, year of manufacturing, welder identity, and shop order fracture rate (table 1). After adjustment for the eVects of age the following variables were found to be significantly associated with the risk of OSF: body surface area (BSA), left ventricular systolic pressure, cross clamp time during surgery, and multiple valve implants (table 2) . Additionally, associations with underlying valvar disease, type of surgery (elective versus emergency), concomitant surgery, and postoperative drugs (grouped as antihypertensive, blockers, and antiarrythmics) were investigated. Some of these factors were used as surrogates for a patient's general health, level of physical activity, hypertension, and arrhythmia. No significant associations were found with these factors.
In the multiple regression analysis the 21 and 25 mm sizes were combined to overcome the problem of small numbers and because these valves appeared to have a low risk of OSF (tables 1 and 3 3 ). Age at implantation, BSA, cross clamp time during surgery, valve size, shop order fracture rate, and manufacturing period were significantly related to OSF in the multiple regression analysis. However, information on cross clamp time was missing for more than 50% of the OSF events and therefore the observed association with this factor is not discussed any further.
Results from a regression analysis including all significant predictors that had information on all OSF events show a 4% (95% CI 2% to 6%) decrease in the risk of OSF for a one year increase in age at implantation (table 3) . RR of 8 and 13 were observed for 31 and 33 mm valves, respectively, and a fivefold increase was observed for 23 mm valves relative to < 21 and 25 mm valves. Valves manufactured between 1981 and 1984 showed a high risk of experiencing OSF relative to those manufactured before 1981 (RR 4.4, 95% CI 1.6 to 12.3). There was a 40% (95% CI 20% to 50%) increase in the risk of OSF for a unit increase in shop order fracture rate.
Including BSA in the regression analyses showed a fivefold (95% CI 2 to 13) increase in the risk of OSF for a 0.5 m 2 increase in BSA. The mean BSA for patients with valves experiencing an OSF was 1.8 m 2 compared with 1.7 m 2 for patients with non-OSF valves. BSA was not found to be strongly correlated with valve size and on average was higher for men than for women, and for aortic valve patients than for mitral patients. The association between BSA and the risk of OSF remained significant even after adjustment for these factors.
To check the robustness of the results obtained, additional analyses were performed by including valve position, which is highly correlated with valve size, in the final model, by replacing age at implantation with current age, and by excluding valves of patients who died within 30 days of implantation surgery. These additional analyses had very little eVect on the results.
A significant interaction was observed between valve size and follow up time, indicating that the association between size and OSF was not constant over time. In the analysis the follow up time was therefore divided into date of first known UK implantation of BSCC valves (1989-the first 10 years) and the period thereafter (1990 to 31 July 1997). BSA was not included in this analysis as it was available for only a small number of OSF events after 1989. Valve size was strongly related to the risk of OSF during the first follow up period and the association weakened considerably thereafter (table 4) . RR estimates in the post-1989 period for 31 and 33 mm sized valves decreased substantially and that for 23 mm valves increased relative to the pre-1990 period. However, the CIs for the estimates of the RR are wide because of the small number of events observed and they overlap between the two time periods. Including valve position in the models produced RRs comparing mitral with aortic valves of 2.8 (95% CI 0.5 to 15.3) and 0.6 (95% CI 0.1 to 2.6) in the pre-1990 and post-1989 periods, respectively (not presented in the table). Investigation of crude OSF rates by valve position supported this finding (crude rate of mitral OSF was 0.31% before 1990 and 0.15% from 1990 onwards; corresponding figures for aortic valves were 0.06% and 0.12%). Reports on three additional aortic (two 23 mm and one 25 mm) and two mitral (31 mm) OSF events were received after the closing date of this study and were not included in the analyses.
Discussion
The UK cohort study of BSCC patients diVers from other studies with respect to the large size of the study population, length of follow up, and focus on patient characteristics. Previous studies conducted elsewhere in Europe focus mainly on valve characteristics and risks of OSF of 70º valves [2] [3] [4] or large 60º mitral valves. 7 Almost all of the UK implants were 60º valves, the most common BSCC valve implanted worldwide, with a broad distribution across valve sizes. This study has enabled an examination of risks across an 18 year period and a detection of changing patterns of OSF over time.
The overall crude OSF rate of 0.17%/year in the UK exceeds the rates for both Sweden (0.14%) 13 and the Netherlands (0.12%) 14 for 60°valves. Reasons for higher OSF rates in the UK are partly related to the higher percentage of large sized mitral valve replacements. There is a possibility that a proportion of OSF cases remain undetected worldwide. Swedish 2 and Dutch 15 studies have suggested under reporting rates for OSF of 21% and 26% (for 60°valves), respectively. In the UK the under reporting rate is thought to be at least 10%.
PATIENT CHARACTERISTICS Similar to other epidemiological studies of patients with BSCC valves, 3 5 age at implantation was found to be the strongest patient related predictor of OSF, with risk falling with advancing age. The reasons for this age eVect may be higher levels of physical activity among younger patients, placing greater haemodynamic stresses across the implanted valve, 16 and lower postmortem rates in older patients (25% for > 59 years and 42% for < 50 years in the UK) 17 leading to greater under reporting of OSF events in this group. BSA was found to be strongly associated with OSF and confirms the finding of Walker and colleagues. 5 The resultant higher cardiac output among those with large body size may be responsible for this excess risk.
Missing clinical information resulted in a loss of statistical power but is unlikely to have introduced bias in studying the risk of OSF in relation to patient characteristics. One of the limitations of this study is that current information on patient characteristics is not available. Some characteristics such as blood pressure, cardiac rhythm, and BSA may change over time. Many patients were no longer followed up at the implantation centres and investigations such as cardiac catheterisations are not performed routinely following implantation surgery. Therefore longer term postoperative data on these factors are less complete.
VALVE SIZE AND POSITION
Risk of OSF increased 13-fold in 33 mm, eightfold in 31 mm, and fivefold in 23 mm compared with < 21 mm and 25 mm valves. However, this association changed over time with risk associated with 31-33 mm valves decreasing substantially, but the same pattern was not seen for 23 mm valves. The majority of 31-33 mm valves were implanted in the mitral position and almost all 23 mm valves in the aortic position, hence to some extent trends with valve size reflect trends in valve position. This is supported by the finding of increased risks of OSF for mitral valves relative to aortic valves during the early part of the follow up time in this study and a reverse pattern observed in more recent years. After the closing date of 31 July 1997 of the UK cohort, five OSF events were reported, including three aortic OSFs.
Possible reasons for changing patterns of OSF rates were considered. One reason is the prophylactic explantation of a greater number of large mitral valves in the UK, which has contributed to the decrease in mitral OSF rates (23 mitral versus seven aortic). Some of these explanted valves were identified to have a single leg separation, a possible precursor to OSF, in screening programmes set up especially for patients with large mitral valves. 18 A second reason may be that instantaneous death almost always associated with aortic OSFs may lead to a greater degree of under reporting among these valves worldwide. 3 19 Only one patient with aortic compared with 16 patients with mitral OSFs survived long enough to undergo emergency explantation surgery in the UK. The postmortem rate for UK patients with BSCC valves is 30% for all deaths and 49% for acute deaths. Furthermore, patients in the UK are tracked by the OYce of National Statistics and Central Services Agency for information on their vital status and death certificates are forwarded for systematic review. Long term follow up combined with almost half of all acute deaths being investigated by postmortem examination may have resulted in the detection of a greater number of aortic OSFs in the UK. An increased OSF rate among 23 mm aortic valves has been reported in Sweden, 2 where the rate of postmortem examination is high (75% of all and acute deaths), but not in the Netherlands where the rate of postmortem examination is low 3 15 (9% excluding operative deaths and 17% of all deaths), or in the USA 6 where patient follow up is less complete. Thus OSF rates in aortic valves may be greater than previously recognised.
SHOP ORDER AND MANUFACTURING PERIOD
An increased risk of OSF was observed in relation to the OSF rate among other valves manufactured in the same batch and for valves manufactured between 1981 and 1984. These findings are in line with those reported in other studies. 7 8 Changes made in the manufacturing process in April 1984 have been considered as a possible reason why no OSF events have been reported worldwide in valves manufactured after this period. 6 9 
SUMMARY
The UK study has identified age and body size as key patient factors for the risk of OSF and confirmed the findings of shop order fracture rate and manufacturing period as risk factors. With respect to valve size and position, previous studies have reported risks associated with large mitral valves. The current guidelines for prophylactic explantation place patients with large mitral valves, welded by a specific group of welders, between January 1981 and June 1982 at the highest risk of OSF. 10 However, the UK study has shown an excess risk among 23 mm aortic valves, emphasising that the problem is not limited to patients with large mitral valves, particularly in the past 10 years. This phenomenon has not been identified previously and clearly highlights the need for continued monitoring of patients with BSCC heart valves, and it should be taken in to account in determining suitability of patients for valve explantation surgery. As OSF events have continued to be reported through recent years, clinicians should continue to advise their patients of the need for vigilance in recognising early signs of valve malfunction, regardless of the implanted BSCC valve position.
In the absence of a postmortem examination, for all cardiac related deaths and for death certificates listing a single cause of death or the mode of death (cardiac failure) the certifying physician or hospital is contacted and the notes requested for review. On occasion physicians have been interviewed by telephone to discuss the circumstances leading to death. We aim to ascertain whether the death was sudden, the state of the patient's health before death, and whether the death was witnessed. For patients who died in hospital chest x rays and other investigation reports may be requested.
Where no further or inadequate information is available surrounding the patient's death, (usually because of missing records or destroyed records of patients who died more than 10 years ago) the deaths are classified according to the place and causes of death. The causes of death are reviewed for matches with any of the following recorded causes of death on the death certificates of known OSF patients: myocardial infarction; pulmonary oedema; cerebral anoxia; acute left ventricular failure; left ventricular failure; (acute) cardiac failure; mitral/aortic incompetence; acute heart failure; cardiogenic shock; right and left ventricular failure; coronary thrombosis; congestive cardiac failure.
The place of death was also investigated. If the patient died within a hospital, particularly a cardiac centre, the death was deemed to be less likely to be related to OSF than if the patient had died suddenly at home. This review was undertaken in an attempt to estimate the degree of under reporting of OSF events in the UK.
Of the 115 acute deaths, it is the opinion of the UK research team that five deaths that occurred before 31 July 1997 had a strong possibility of being related to OSF; all patients shared common causes of death with known OSF patients and died at home. A further 17 patients had less acute recorded causes of death (still matching OSF events) and died as inpatients soon after admission. The remaining patients all died in hospital and the recorded causes of death did not match those for known OSF events.
